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Abstract. We constrain several models in Tachyonic Inflation derived from the large-N
formalism by considering theoretical aspects as well as the latest observational data. On
the theoretical side, we assess the field range of our models by means of the excursion of
the equivalent canonical field. On the observational side, we employ BK14+PLANCK+BAO
data to perform a parameter estimation analysis as well as a Bayesian model selection to
distinguish the most favoured models among all four classes here presented. We observe that
the original potential V ∝ sech(T ) is strongly disfavoured by observations with respect to
a reference model with flat priors on inflationary observables. This realisation of Tachyon
inflation also presents a large field range which may demand further quantum corrections.
We also provide examples of potentials derived from the polynomial and the perturbative
classes which are both statistically favoured and theoretically acceptable.
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1 Introduction
Inflation is a solid proposal to solve some of the Hot Big Bang cosmological problems, however
the nature of the inflationary mechanism is not yet elucidated and a large number of models
have been proposed. The diversity of models for inflation are classified in different scenarios
where, for the case of a single field, the inflation is driven by a canonical scalar field [1], or a
field of non-canonical nature [2]. Some of the more attractive models have been motivated by
high energy theories and in particular tachyon inflation has been proposed as a realization of
type-IIA and type-IIB string theories [3]. In order to explore the possibilities of the tachyon
inflationary model, recent studies have presented diverse realizations and constraints to the
tachyon potential [4–7]. In particular [8] presents several universality classes, derived using
the large-N formalism [9–11]. While many of these new realizations of the tachyon potential
reproduce the observed values of the spectral index and satisfy the observational bounds to
the tensor perturbations for a given number of e-folds N , it is desirable to perform a full
Bayesian analysis of the models in light of the recent observations to determine which models
are favoured by the data. On the theoretical side it is important to have under control the
quantum corrections to the excursion of the field during inflation, in particular if N is large
[12].
In this paper we combine the latest observational data from the CMB anisotropies [13, 14]
and the BAO signal [15] to perform a parameter estimation of the families of models within
each class, as well as a Bayesian evidence analysis to distinguish which universality classes and
the specific models favoured by the data. We look at the canonical field models associated to
each of the tachyon potentials in order to estimate the field excursion ∆φ. The models with
a trans-planckian excursion in ∆φ require a complete treatment of their original string model
in order to ensure that they are dynamically controlled over a trans-planckian field range (see
e. g. [12]).
The paper is organized as follows: In section 2 we present the relevant equations of
tachyon inflation and its associated field excursion in terms of the tachyon and the canonical
fields. In section 3 we present, in the context of the large-N formalism, the universality classes
of tachyon inflation and the expressions for their observational parameters. For each one of
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these classes we perform a parameter estimation analysis in order to obtain the preferred
models within each class. In this section we also present the canonical field excursion for each
of the classes. In section 4 we compute the Bayes factor for each universality class in order to
assess their relative probability and propose a set of preferred models for tachyon inflation.
In section 5 we analyse our results, together with the theoretical criteria of a sub-planckian
excursion of the associated canonical field. We finally put forward the most favoured models
of tachyon inflation.
2 Field excursion in the large-N formalism
In order to quantify the expansion of space during the inflationary period, it is useful to
define the number of e-folds to the end of inflation given by ∆N = log(ae/a∗) where ae
corresponds to the scale factor at the end of inflation and a∗ is the scale factor at the time
when the largest observable scales exit the horizon. This means that N will change from
N∗ ∼ 102 at the beginning of (the observable part of) inflation to Ne ∼ 0 towards the end of
the inflationary period. The typical figure for ∆N necessary to solve the Big Bang problems
is around 60. Since a variety of scenarios can account for the sustained accelerated expansion,
the large-N formalism was developed as an attempt to parametrize the observables of inflation
in models with the common characteristic of large N values. In this parametrization, the
(small) slow-roll parameters are prescribed as functions of (large)N . Consequently, important
observables of the model (ns, r), and their running, are all functions of N . An analysis of
different inflationary models by this method and the contrast against recent data is presented
for example, in [8–11]. In particular, an important quantity that can be computed within
this formalism is the interval that the field covers during inflation. In reference [11], the
excursion of the field ∆φ is computed for the classes covered by the large-N formalism applied
to canonical field inflation. This excursion must not exceed the Planck scale MPl in order
to avoid quantum corrections to the classical treatment of inflation. Here we test tachyon
inflation with the same criterion, by looking at the classes of potentials derived within the
Large-N formalism [8].
The Tachyon Scalar Field Inflation (TSFI) scenario was proposed by Sen in [3] and also
studied in [7] as well as in thick brane world models like the ones in [16] with an effective
action of the tachyonic condensate T given by the expression
S =
∫
d4x
√−gV (T )√1− ∂µT∂µT , (2.1)
where T has dimensions of M−1Pl . With this prescription the energy density of the field is
obtained as
ρ =
V (T )√
1− ∂µT∂µT
. (2.2)
For a flat Friedmann-Robertson-Walker metric, the Raychaudhuri equation can be used to
show the way the tachyon field drives the accelerated expansion of the universe, in this case
it reads
a¨
a
= − 1
6M2Pl
(ρ+ 3P )
=
1
3M2Pl
V√
1− T˙ 2
(
1− 3
2
T˙ 2
)
. (2.3)
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The accelerated expansion is controlled by the slow-roll parameters. We employ the
"Hubble flow" slow-roll parameters [17]1, defined by
i+1 ≡ d log |i|/dN , for i ≥ 0 and 0 ≡ H. (2.4)
For the TSFI scenario, the first Hubble parameter presents a simple relation given by
1 =
3
2
T˙ 2. (2.5)
From Eq. (2.3) it is clear that accelerated expansion is guaranteed for 1 < 1.
In order to determine the excursion of the tachyon field ∆T in terms of the number of
e-folds we consider the definition of the parameter 1 and write
∆N =
√
3
2
∫ Te
T∗
H√
1
dT . (2.6)
Recalling that the slow-roll parameter is related to the tensor-to-scalar ratio r = 161, the
above integral can be expressed in terms of observables alone. This together with the COBE
normalization [5]
H∗ = r1/21.0312× 10−4MPl , (2.7)
can be used to obtain an estimation for the field excursion as
∆T ' 1980
MPl
∆N . (2.8)
where we take the approximation that 1/H2 is constant (this has been derived also in ref.
[10]). It is interesting to note that, unlike the Lyth bound [19] for a canonical scalar field,
where the excursion is a function of the amplitude of tensor perturbations r (and therefore is
still an unknown quantity), the tachyon excursion depends exclusively on the COBE normal-
ization and the number of e-folds of inflation. Therefore, in the tachyon case, the excursion
is always known at least to a first approximation.
Due to the units of the tachyon field, however, the eventual quantum corrections to the
classical analysis are not directly assessed by its excursion. In the literature, the limit of the
classical analysis is assessed through the excursion of the canonical field. Indeed, quantum
corrections become important if the excursion of the canonical field is larger than the Planck
mass [19, 20]. A tachyon field scenario has been mapped to its corresponding canonical field
in [21]. The field excursion for the canonical field corresponding to the TSFI scenario is given
by integrating φ˙ =
√
V T˙ . That is,
∆φ =
∫ Te
T∗
√
V (T )dT . (2.9)
This is valid when the time derivative of the tachyon field T is small compared to one, which
happens during inflation.
In the following section we will obtain more accurate numbers for ∆T (and consequently
∆φ) using the large-N formalism for the most representative universality classes that comprise
different behaviours of V (T ), keeping in mind that the limit ∆φ > MPl is an undesirable
feature of the inflationary theory.
1also motivated by the renormalization group description of the inflationary evolution [18]
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3 Constraints for universality classes
In this section we will present an in depth analysis for each of the universality classes obtained
in Ref. [8] which correspond to different parametrizations of the Hubble flow parameters for
the TSFI, that in turn translates to models with different potentials V (T ). For each of these
classes we will perform a Bayesian parameter estimation using CMB and BAO observations.
Then we will evaluate the field excursion of both the tachyon and the associated canonical
field during the period of inflation. The parameter estimation of this section only tells us
which is the most preferred model (potential) within each class given the observations, but
does not provide a comparison between classes. In section 4 we carry out an analysis of the
Bayesian evidence in order to find out which class is preferred according to the observations.
In order to obtain these results we used two different sets of data; for the first dataset,
we take CMB polarization data from the 2015 data release of the Planck satellite [13], while
the second dataset takes CMB polarization data from BICEP-Keck 2014 (BK14) [14]. In
both cases we have used temperature data from Planck 2015 and BAO measurements from
SDSS [15]. In order to analyze the posterior distribution functions, we ran a Metropolis
algorithm with 7 cosmological parameters where three of them are related to the inflationary
scenario (log(As), N∗,λ). The other four parameters are related to the later evolution of the
universe(θMC , Ωbh2, Ωch2,τ) but their posterior probabilities are correlated to those of the
inflationary parameters. Thus, while we are mainly interested on the posterior distributions
of the former set, the latter are needed to adequately analyse the CMB data.
We imposed flat priors to all the parameters; in particular we chose λ to be positive,
which is required to have 1 positive. As for the priors for ∆N , from Ref. [22] the lower limit
N∗min = 15 is required to have inflation at an energy scale at least higher than nucleosyntesis.
On the other hand, for ∆N larger than 61 the evolution of the universe requires a period of
kination where a stiff fluid dominates the energy density before the onset of nucleosynthesis.
Here we loosen that limit and use ∆Nmax = 75 (a smaller number than that of [23], where
∆Nmax = 83.5). For practical purposes we used these limits on ∆N as valid for N∗ under the
assumption that Ne  1. This is valid for the perturbative, hyperbolic secant and polynomial
classes (derived below), where 1(Ne) ∼ 1 for Ne ∼ 0. The other studied case, the exponential
class, presents potentials that do not reach the → 1 limit. This will be discussed with more
detail below.
In order to analyze each of the universality classes we use the expressions obtained in
our previous work [8] which we summarize in the following lines. The formalism consists of
establishing an a-priori relation between the Hubble flow parameter 1 and the number of
e-folds N left to the end of inflation. With this information one can compute the potential
and the tachyon field as functions of N by means of the relations:
V (N) = V0 exp
[∫
21(N)dN
]
,
T (N) = MPl
∫ √
21(N)
V (N)
dN . (3.1)
From the above relations it is also possible to solve for V (T ). Finally, it is possible to eliminate
the dependence on V0 of the tachyon field by using the COBE normalization (2.7) that can
be expressed as
V (N∗) = 3.38× 10−8M4Plr . (3.2)
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In order to compare the predictions of the different classes to the observations we employ
the well-known relations between the Hubble flow parameters and the tensor-to-scalar ratio
r and the spectral index ns [17]
r = 161, ns = 1− 21 − 2. (3.3)
In the following subsections we will apply all of the above considerations to each one of the
classes obtained in Ref. [8].
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(a) Inflation parameters for the perturba-
tive class with potential given by (3.5).
The potential T 2 corresponds to λ = 1/4
which is discarded at 2σ by the BK14 ob-
servations.
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(b) Inflation parameters for the polinomial
class with potential given by eq. (3.11).
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(c) Inflation parameters for the exponetial
class with potential given by (3.15).
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(d) Inflation parameters for the sech poten-
tial given by eq. (3.20).
Figure 1. Marginalized confidence regions at 68% and 95% (within the displayed fraction of param-
eter space) for the analyzed universality classes. The posterior distributions were obtained with flat
priors for λ and N∗ and with limits discussed in the text. The parameter space was sampled using
the Metropolis Hastings algorithm implemented in CosmoMC [24], and CAMB [25] as the Boltzmann
solver. Note that the posterior distribution of the parameters {λ,∆N} is restricted to an acceptable
range of ∆N (see text). This may not include the most likely values of the parameters given the data.
In each case this range avoids super-planckian densities and exotic matter components dominating
the early universe after inflation.
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3.1 Perturbative class
This class is parametrized by the Hubble flow parameter
1 =
λ
N
, (3.4)
where λ is a positive constant that defines the particular model within the class. The inflation
period ends when this parameter reaches the value of one, corresponding to Ne = λ. As we
showed in Ref. [8] the potential for this class becomes V = V0N2λ which, in terms of the
tachyon field T corresponds to
V =
{
Vˆ0T
n 0 < λ < 12 ,
V0 exp
(√
V0T
MPl
)
λ = 12 ,
(3.5)
where n = 4λ/(1−2λ). In other words, the perturbative class is associated with the power-law
potentials and a particular exponential potential.
The inflation observables at first order in the Hubble flow parameters correspond to:
r =
16λ
∆N + λ
, ns = 1− 1 + 2λ
∆N + λ
. (3.6)
In figure 1(a) we can see the restrictions on the parameters N∗ and λ that come from the
observations of the CMB (the results are summarised in table 1). From the figure we see
that the preferred values for the number of e-folds are between 23 and 63 which includes the
standard range between 50 and 60. The values of λ accepted at 95% confidence level are
smaller than 0.23 which corresponds to potentials of the form Tn with n smaller than 1.7, in
particular, the potential T 2 which corresponds to λ = 0.25 lies outside the 95% confidence
region, as well as the particular case of the exponential potential, realised for λ = 0.5.
The field range is given by
∆T =
3.96× 103
MPl
√
∆N + λ
λ
×
 λ1−2λ
[√
∆N+λ
λ −
(
∆N+λ
λ
)λ]
0 < λ < 12 ,
√
2∆N+1
4 log (2∆N + 1) λ =
1
2 .
(3.7)
For this class of models the tachyon field can be transformed to a canonical field for the
slow-roll period using the transformation (2.9), which gives an excursion of
∆φ =
√
8λMPl
(√
∆N + λ−
√
λ
)
. (3.8)
In Table 2 we compute the field excursion for different models inside the 2σ region
including the best fit values of ∆N = 37, λ = 0.015. One of the main results for this class
is that the typical cases allowed by the observations also present a trans-planckian excursion
in the canonical field. It is possible however, as seen in Table 2, to obtain sub-planckian
excursions but for very atypical values of the potential, for example writing ns = 0.97 and
∆φ = 1 gives us λ = 3× 10−3 which is a very flat potential as it corresponds to V ∝ T 0.012.
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Class Parameter Planck + BAO BK14 + Planck + BAO
Mean 95% limits Mean 95% limits
Perturbative ∆N 41 (25, 64) 41 (26, 63)
λ(×10−2) 11 < 35 8 < 23
Polinomial ∆N 57 > 34 56 > 35
λ(×10−2) 44 < 81 39 < 77
Exponential ∆N 57 > 29 59 > 35
λ(×10−2) 3.2 (2.4, 4.0) 3.1 (2.2, 4.0)
Sech ∆N 69 > 61 71 > 65
λ(×10−2) 1.0 (0.04, 1.6) 1.2 (0.5, 1.9)
Table 1. Marginalized limits of the inflation parameters derived from data of Planck 2015 polariza-
tion, BICEP-Keck 2014 and BAO.
3.2 Polynomial class
The polynomial class has a Hubble flow parameter
1 =
λ
N(N2λ + 1)
. (3.9)
Therefore, the inflation period for this class ends when this parameter becomes one, at
Ne(N
2λ
e + 1) = λ . (3.10)
Using the expressions (3.1), the potential as a function of T reads
V (T ) =

V0
ATn
ATn+1 0 < λ <
1
2 ,
V0
2
[
1 + tanh
(√
V0
4M2Pl
T
)]
λ = 12 ,
V0
A
A+Tn λ >
1
2 ,
(3.11)
where A = [V0 (1− 2λ)2 /(8M2Plλ)]2λ/(1−2λ) and n = 4λ/|1− 2λ|.
The observable parameters of this class are given by:
r =
16λ
N∗(1 +N2λ∗ )
, ns = 1− 1 + 2λ
N∗
, (3.12)
where N∗ = ∆N + Ne and Ne is the solution to Eq. (3.10). In figure 1(b) we show the
restrictions on the parameters N and λ as well as its limits in Table 1. From the figure, we
can see that both values are highly correlated, with the limits only marked by the priors of
the model. From expressions (3.12) we note that this class naturally produces small tensor
perturbations, therefore it is not constrained by the value of r but only by its prediction on
ns.
The field range for this class is given by
∆T =
3.96× 103N∗
MPl

1
1−2λ
(
1−
(
Ne
N∗
)(1−2λ)/2)
λ 6= 12 ,
log
(
2N∗√
3−1
)
λ = 12 .
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Equivalently, the canonical field associated with this tachyon field is given by the integral
∆φ = MPl
√
2λ
∫ N∗
Ne
N−1(N2λ + 1)−1dN . (3.13)
We find that the excursion of the associated canonical scalar field is trans-planckian,
except for the smallest values of λ and ∆N (within the observational bounds). This means
that the model may prove incomplete since string theory corrections are required in order to
have a dynamically stable model. The values of (λ,∆N) with an associated small ∆φ result
on atypical potentials as summarised in Table 2.
3.3 Exponential class
The exponential class corresponds to one in which the Hubble flow parameter is given by
1 =
λ
2 (eλN + 1)
, (3.14)
for λ positive.
We note that for this class the maximum value of the Hubble flow parameter corresponds
to λ/4 and the most preferred values of λ given the observations (Table 1) correspond to
λ < 0.04. This means that 1 never reaches a value close to unity, therefore inflation cannot
reach an end. One possibility for this model is to have an auxiliary field that couples to the
inflaton in order to end inflation as in the Hybrid Inflation scenario [26]. However we shall
not analyze here the particular mechanism that ends inflation and we simply assume that
inflation ends at Ne = 0 2.
The potential for this class as a function of the tachyon field reads
V =
V0
1 +AT 2
, (3.15)
where A = λV0/4M2Pl. The observable parameters are in this case:
ns = 1− λ , r = 8λ
1 + eλ∆N
, (3.16)
and we can immediately deduce that λ will be restricted to small values due to the almost
scale-invariant spectrum observed by Planck.
The field excursion obtained for this class is determined by the following expression
∆T =
3.96× 103
MPlλ
(eλ∆N/2 − 1) , (3.17)
while we can use the equation (2.9) in order to obtain an expression for the canonical field
excursion associated with this model as
∆φ =
2MPl√
λ
log
[(√
1 + e−λ∆N − e−λ∆N/2
)(√
2 + 1
)]
. (3.18)
In Figure 1(c) and Table 1 we read the allowed values of λ between 0.022 and 0.04. It can
be checked easily from equation (3.18) that for those values of λ a sub-planckian excursion in
2 A non zero value of Ne may change the area occupied in the (ns, r) space.
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the canonical field is only possible if ∆N < 9.8 (or worse, if λ = 0.04, ∆N < 7.3 is required).
This means that the exponential class of models cannot solve the problems of the classical
cosmology and simultaneously have a sub-planckian field excursion.
If we ignore the trans-planckian excursion then we have ∆N valid for a fairly wide range
of possible values, between 53 and 75, which contain the usual range between 50 and 60,
and which makes the model compatible with an energy scale between the GUT scale and the
Planck scale. We can also see from figure 1(c) that in this case the values of λ and ∆N are
uncorrelated and can be determined independently.
3.4 V ∝ sech(T ) class
In this section we will study a class of potentials inspired in string theory realizations [4, 27]
which are potentials proportional to the hyperbolic secant function. This class of potentials
come from a Hubble flow parameter of the form 3
1 = λ csch(2λN) , (3.19)
Its associated potential is given by
V (T ) = V0 sech
(√
V0λ
MPl
T
)
. (3.20)
The inflationary period for this model ends at Ne = sinh−1(λ)/2λ which for the values of λ
favored by the observations is approximately equal to 1/2 (see Table 1). Also, the observables
related to this class are given by
r = 16λ csch(λ(2∆N + 1) , ns = 1− 2λ coth(λ(∆N + 1/2)) . (3.21)
The field excursion for this class is determined by the following expression
∆T =
1.98× 103
MPl
sinh(λ(∆N + 1/2))
λ
log
[
tanh(λ(2∆N + 1)/4)
tanh(λ/4)
]
, (3.22)
for the tachyon field while the associated canonical field from equation (2.9) has an excursion
given by
∆φ =
√
2λM2Pl
∫ N∗
Ne
√
csch(2λN)dN . (3.23)
For this class we see in Figure 1(d) and in Table 1 that the observations prefer the largest
possible values of ∆N allowed by the priors. For example, if we evaluate the observables at
the mean value of the r-distribution (ns = 0.965, r = 0.048) [14], Eq. (3.21) yields (λ =
0.014,∆N = 82). The large value of ∆N implies the need of a period of stiff fluid domination
(sometimes referred as kination) between the end of inflation and nucleosynthesis, as noted in
Ref. [23]. This fact introduces a new level of complexity to this popular model. We avoid these
large values in our analysis of data. In Table 2 we obtained the results for the mean values of
the parameters according to the BK14 observations. The amplitude of tensor perturbations
barely enter into the valid range allowed by the observations and that corresponds to high
values of ∆N as the expression (3.21) can be approximated for small λ to r ≈ 8/∆N . If we
compute the canonical field excursion 3.23 for the allowed values of Table 1 we can see that
∆φ > 13 meaning that the excursion is trans-planckian, which is a theoretical limitation for
this class.
3in our previous work this class of models were labelled as the second exponential class
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4 Bayesian model selection
From the plots in Figure 1 and Table 1 we see that the expected values for λ and N∗ are highly
dependent on the particular universality class. This expected since the functional dependence
on the parameters of the primordial power spectrum (ns, r, nsk, nt) is different for each class.
The results are obtained assuming in each case that the correct model of inflation is that of
the particular class, therefore they only tell us about the preferred values for the parameters
within each model but not whether the model is compatible with the observations or not.
Despite each of the models having a region of maximum probability it might not cor-
respond to a model compatible enough with the data, as can be seen from the figure 2. In
particular, we can observe that the prediction for the hyperbolic secant model corresponds
to a higher value of the tensor perturbations than that of the other classes. Equation (3.21)
indicates that small values of r require large values of ∆N outside the assumed range. This
means that the most likely values of ∆N given the data fall out of range in this particular
class of the Tachyon model. The parameter estimation within the imposed range is blind to
this fact because the probabilities are not normalised, but the amplitude of the probability
(relative to that of other classes) is calculated in the Bayesian Model Selection analysis as
shown in this section.
The parameter estimation analysis provides a measurement of the posterior probability
Class V (T ) ∝ λ ∆N ∆TMPl ∆φ/MPl r ns
Perturbative
T 0.06 0.015 37 1× 105 2 0.006 0.972√
T 0.1 46 2× 105 5.7 0.03 0.974
T 1/6 50 2× 105 7.7 0.05 0.973
T 0.004 0.001 50 2× 105 0.6 3× 10−4 0.979
Polynomial
T 2/(AT 2 + 1) 1/4 45 2× 105 4.1 0.01 0.967
1 + tanh(AT ) 1/2 60 1× 106 4.0 2× 10−3 0.967
1/(A+ T 6) 3/4 75 1× 106 3.3 2× 10−4 0.967
T 0.04/(AT 0.04 + 1) 10−2 30 105 0.94 2× 10−3 0.966
Exponential (1 +AT
2)−1 0.03 59 2× 105 5.5 0.03 0.970
(1 +AT 2)−1 0.03 35 9× 104 3.7 0.06 0.970
V ∝ sech(T ) sech(AT ) 0.012 71 8× 105 14.7 0.07 0.965
Table 2. Field range and observational predictions for selected potentials within each of the studied
universality classes. All potentials included are derived from values within the 95% confidence level
of the Bayesian parameter estimation analysis (see Table 1). For the perturbative class the best fit
and two simple potentials are included which have a trans-planckian excursion. The last potential
of this class has a sub-planckian excursion. For the polynomial class a range of potentials fit well
within the observational bounds, but the canonical field excursion associated with the models is
trans-planckian except for those models with the smallest λ and ∆N within the bounds. For the
exponential potential we have two cases with different ∆N but the same λ as the latter is very well
constrained by the observations. All the models within this class that satisfy the observational bounds
are trans-planckian. For the V ∝ sech(T ) class, only the mean value is shown, which corresponds
to a trans-planckian excursion with a tensor-to-scalar ratio at the maximum value allowed by the
observations.
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Figure 2. Marginalized confidence regions for each of the universality classes in the r vs ns plane,
from BK14, Planck and BAO data, as described in the main text. Each class produces different
values of r and ns as functions of λ and N∗, which are given flat priors. This produces different
confidence regions given the data. Most of the surface sampled by the V ∝ sech(T ) model lies outside
the area preferred by observations, while the exponential model is well inside it. The Bayesian model
comparison indicates which of these tachyon field classes is preferred by observations.
given by the Bayes theorem as
PM (θ) = LM (θ)piM (θ)ZM , (4.1)
where θ is the vector of the parameters of the model M , LM is the likelihood which is a
function of the data, piM is the prior and Z is the evidence which functions as a normalization
factor. In order to do the parameter estimation within a particular model, as it is done in
the figures 1 and 2, the evidence is not considered and we plot an unnormalized posterior
function. However, a Bayesian model comparison demands an estimation of the evidence in
order to obtain the probability of each class of models, and this is given by
ZM =
∫
Ω
L(θ)pi(θ)dθ , (4.2)
where Ω is the parameter-space of θ. This integral is modulated by the priors which pick
only the region allowed by the analysis in Sec. 3. As mentioned earlier, this may exclude the
maximum likelihood region for a specific class and provide a smaller evidence. To explicitly
compute this integral, we use the code POLYCHORD [28] which implements a nested sam-
pling algorithm within the COSMOMC framework. We compared the evidence of each class
with the one obtained for a model where the scalar spectral index ns and the tensor to scalar
ratio r were considered as independent variables with flat priors; this is our reference model
for which no specific inflationary model is imposed. The set of data used corresponds to BK14
+ Planck + BAO as in the parameter estimation analysis. The results are summarized in
Table 3, where we use the Bayes factor Bi = Zi/Zref , with Zref the evidence of the reference
model.
Using the scale suggested by Kass and Raftery in [29], a substantial evidence is obtained
against the V ∝ sech(T ) class. Meanwhile, the evidence of the exponential class is around
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Class log(B) B
Polynomial 2.4 11
Perturbative 1.4 4.1
Exponential -0.06 0.94
Sech -1.4 0.25
Table 3. Bayes factor between the different classes as compared to a reference model with ns and r
as free parameters with flat priors. The evidence was computed using the POLYCHORD code on the
BK14+PLANCK+BAO joint dataset.
1 (similar to that of the reference model). Finally, both the polynomial and perturbative
classes show substantial evidence favouring both in comparison with the reference model.
5 Discussion and concluding remarks
In this paper we have analysed an inflation scenario driven by a tachyon condensate with the
goal of contrasting the several universality classes that arise from the large-N formalism [8]
against observational data and theoretical considerations.
A first approximation to quantify the excursion of the tachyonic field is to follow a
similar path to that taken by Lyth in Ref. [19] using the COBE normalization to obtain a
bound on the canonical field excursion. The tachyon field follows a modified excursion with
respect to the canonical inflaton. We have shown that the tachyon excursion follows the
expression (2.8) that is only a function of the number of e-folds and not of the amplitude
of the tensor perturbations, this expression was also obtained in Ref. [10] and implies that
for N ∼ 102 the excursion for the tachyon field is of order 105M−1Pl . Since the units of the
tachyon field areM−1Pl , we cannot assess directly a sub-planckian or trans-planckian excursion.
In order to evaluate the relevance of quantum corrections to the classical field analysis, it is
customary to make a transformation to a canonical field which then can be quantized. We have
therefore transformed the excursion to the canonical field following Eq. (2.9) for each of the
universality classes. The result is given analytically for the perturbative and the exponential
classes (Eqs. (3.8) and (3.18) respectively) and computed numerically for the polynomial and
V ∝ sech(T ) classes.
Regarding cosmological observations, we constrain each of the universality classes per-
forming a parameter estimation analysis on each of them. We employ the CMB polarization
data from Planck and BK14, both of which provide an upper bound to the tensor-to-scalar
ratio r, together with the CMB temperature data from Planck that gives a very precise value
of the spectral index of the scalar perturbations ns. In figure 1 we present the posterior dis-
tribution for the pair of parameters (λ, ∆N) for each of the considered universality classes.
For the perturbative class we see that the simple potentials V ∝ Tn with n ≥ 2 lie outside the
95% confidence region. Potentials proportional to T and
√
T lie inside the region favoured
by the observations, but with a trans-planckian canonical field excursion (see Tabla 2). It is
possible to obtain models allowed by the observations and with sub-planckian excursions, but
with smaller values on the exponent of the potential, as shown in Table 2 for V ∝ T 0.004.
For the V ∝ sech(T ) model and the exponential model, the production of gravitational
waves has a minimum which may be excluded by future probes of the CMB polarization if
no gravitational wave signal is detected.
– 12 –
On the other hand, the polynomial class has the generic property of producing a small
value of r (see Figure 2). For this reason, the only effective constraint on the model parameters
is the spectral index which, together with the priors, yields the posterior distribution shown
in Figure 1(b). In this sense, our results are consistent with similar parametrisations of the
non-canonical model [30]. However, as in the case of the perturbative class, the simplest
potentials that lie within the observational bounds (for example, V ∝ T 2/(1 + AT 2)) show
the problem of a trans-planckian excursion in the associated canonical potential. There is,
however, a region of the parameter space with sub-planckian excursions that is also favoured
by the observations, with the compromise of small exponents, e.g. V ∝ T 0.04/(1 + AT 0.04)
(see Table 2).
For the exponential class a significant problem that arises is the lack of a natural exit
from inflation since 1 never reaches values of order one. Even if one finds an alternative
mechanism to end inflation, the parameter space favoured by the observations has ∆φ > MPl
which means that the classical treatment is incomplete until the string theory corrections are
taken into account to ensure they are dynamically controlled.
As shown in Sec. 5, for the V ∝ sech(T ) class, the excessive production of tensor
perturbations reduces the relative evidence of the model (see Table 3). In the parameter
estimation analysis this is not a problem as the model is assumed valid in order to compute
the posterior. As happens with the exponential class, all of the sampled region in parameter-
space corresponds to models with a trans-planckian excursion in the associated canonical
field. An additional argument against this class of potentials is that the sector compatible
with the observational bounds on r requires a stiff fluid phase of evolution after inflation.
This is because this class yields a large value of ∆N . These arguments deem the V ∝ sech(T )
class unlikely.
In conclusion, our results show that in the context of tachyon Inflation, the original
V ∝ sech(T ) potential is disfavoured both by observations and the theoretical preference
of sub-panckian excursions. The same goes for the exponential class of models. On the
contrary, we argue that the polynomial and perturbative classes of models are statistically
and theoretically favoured if the potentials are sufficiently flat. This is summarised in Tables 2
and 3 and shows consistency with studies of several realisations of the canonical field potential
[31].
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